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TRIP-POINT DETECTION CIRCUIT 



Field of the Invention 

The present invention is related to detection circuits. In particular, the 
5 present invention is related to a detection circuit that monitors an output current that is 
delivered to a load and asserts a trip-point detection signal when the output current 
changes to a pre-determined threshold level. 

Background of the Invention 

Demand for portable electronic devices is increasing each year. Example 
10 portable electronic devices include: laptop computers, personal data assistants (PDAs), 
cellular telephones, and electronic pagers. Portable electronic devices place high 
importance on total weight, size, and battery life for the devices. 

Most portable electronic devices employ rechargeable batteries. 
Commonly used rechargeable batteries include Nickel-Cadmium (NiCad), Nickel- 
15 Metal-Hydride (NiMHi), Lithium-Ion (Li-Ion), and Lithium-Polymer based 

technologies. Charger circuits are commonly available for each of these types of battery 
technologies. 

Example battery charger circuits typically have two operating modes: a 
constant current mode, and a constant voltage mode. In the constant current mode, a 

20 charging current (I) is delivered to the battery (or load) via a regulator that maintains a 
regulated charging current. As the voltage level of the battery approaches the desired 
final voltage, the circuit switches to a constant voltage operating mode. In the constant 
voltage mode, the output voltage is regulated while a trip-point detection circuit 
monitors the charging current that is delivered to the battery. The trip-point detection 

25 circuit initiates a trip point signal when the charging current indicates that the battery 
has reached a fully charged state (e.g., 10% of the maximum charging current in the 
constant voltage mode). 
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FIGURE 6 is an illustration of a conventional trip-point detection circuit 
(600). Trip-point detection circuit 600 includes two amplifiers (AMPl, AMP2), a 
comparator (CMP), three resistors (R601, R601, and RSNS), a resistor ladder, and a 
transistor (MP). Amplifier AMPl evaluates the voltage drop across resistors RSNS and 
5 R601, and includes a trim adjustment control (TRIM) for adjusting the offset in the 
amplifier. Transistor MP is responsive to the output of amplifier AMPl such that the 
current through resistor R602 is responsive to changes in the output current level 
(lOUT). Amplifier AMP2 receives a reference voltage (VREF) and is arranged in a 
feedback loop with the resistor ladder to provide an adjustable comparison level 

10 (VTRIP). The resistor ladder is configured with trimming adjustments (TRIM LEVEL) 
to accommodate for process related inaccuracies in the ladder network, as well as a trip 
level selection (TRIP LEVEL) to change the comparison level (VTRIP). Comparator 
CMP compares VTRIP to the voltage across resistor R602, which is related to the 
output current level (lOUT), and asserts the trip signal when the output current level 

1 5 drops below a predetermined level set by VTRIP. 

Brief Description of the Drawings 

Non-limiting and non-exhaustive embodiments of the present invention . 
are described with reference to the following drawings. 

FIGURE 1 is a schematic illustration of an example embodiment of a 
20 trip-point detection circuit; 

FIGURE 2 is a schematic illustration of another example embodiment of 
a trip-point detection circuit; 

FIGURE 3 is a schematic illustration of an example selection mechanism 
for a trip-point detection circuit; 
25 FIGURE 4 is a schematic illustration of an example auto-zero 

comparator circuit for a trip-example detection circuit; and 

FIGURE 5 is a schematic illustration of another example auto-zero 
comparator circuit for a trip-example detection circuit, arranged in accordance with 
aspects of the present invention. 



FIGURE 6 is an illustration of a conventional trip-point detection circuit. 



Detailed Description of the Preferred Embodiment 

Various embodiments of the present invention will be described in detail 
with reference to the drawings, where like reference numerals represent like parts and 
assemblies throughout the several views. Reference to various embodiments does not 
limit the scope of the invention, which is limited only by the scope of the claims 
attached hereto. Additionally, any examples set forth in this specification are not 
intended to be limiting and merely set forth some of the many possible embodiments for 
the claimed invention. 

Throughout the specification and claims, the following terms take at 
least the meanings explicitly associated herein, unless the context clearly dictates 
otherwise. The meanings identified below are not intended to limit the terms, but 
merely provide illustrative examples for the terms. The meaning of "a," "an," and "the" 
includes plural reference, the meaning of "in" includes "in" and "on." The term 
"connected" means a direct electrical connection between the items connected, without 
any intermediate devices. The term "coupled" means either a direct electrical 
connection between the items connected or an indirect connection through one or more 
passive or active intermediary devices. The term "circuit" means either a single 
component or a multiplicity of components, either active and/or passive, that are 
coupled together to provide a desired function. The term "signal" means at least one 
current, voltage, charge, temperature, data, or other signal. 

Briefly stated, the invention is related to a system, method, and apparatus 
for detecting a trip-point in an output current. Current is coupled from a power source 
to a load through a pass circuit that is series coupled to a sense resistor. A current trip- 
point detection circuit is arranged to detect a change in the current that is provided to a 
load. The current trip-point detection circuit includes at least two resistors that are 
series coupled from the sense resistor to a current source. A comparator compares a 
sense voltage to a tap-point between the two resistors such that the comparator asserts a 
trip-point detection signal when the current to the load reaches a predetermined 



threshold. The sense voltage can correspond to the voltage across the load or some 
other voltage that is proportional to the voltage across the load. The circuit arrangement 
has a simplified design that sets the trip-point as a percentage of the maximum output 
current. The current level trip-point can be temperature compensated. 
5 The circuits described herein are applicable to secondary power supplies, 

current sources and battery chargers. Each circuit is arranged to detect a state where the 
load current becomes higher or lower than a predetermined threshold level. The 
predetermined threshold may correspond to a portion (or percentage) of a current limit. 

Li one example, the current trip-point circuit is provided in a battery 

10 charger application. Energy is provided from a power source to a load through a power 
pass device and a sense resistor. The power pass device and additional circuitry are 
arranged to regulate power that is delivered to the load. A current regulation loop is 
provided such that the current delivered to the load is controlled and limited. A current 
trip-point detection circuit monitors the output current to the load and determines when 

15 the output current begins to decrease below a predetermined threshold level where the 
load (e.g., a rechargeable battery) is determined to be fully charged (e.g., 10% of the 
maximum charging current). 

FIGURE 1 is a schematic illustration of an example embodiment of a 
trip-point detection circuit (100) that is arranged according to an aspect of the present 

20 invention. Trip-point detection circuit 100 includes a pass circuit, a control circuit, 
three resistors (Rl, R2 and RSNS), an amplifier circuit (AMP), a comparator circuit 
(CMP), and a current source (I). 

In operation, an input voltage (VIN) is provided to an input port from a 
vohage source (VS) that has an associated source resistance (RS). A load circuit (e.g. 

25 ZL) is coupled to an output port. A current (lOUT) is delivered to the load circuit from 
the output port such that a voltage (VOUT) develops across the load circuit. The pass 
circuit is arranged to control the flow of current from the input port to an output port in 
response to a control signal (CTL). The control circuit is arranged to adjust the control 
signal (CTL) for operation in constant current and constant voltage operating modes. 
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Resistors Rl and R2 are arranged to cooperate with current source I to 
generate a regulation level (VREG) that is given by: VREG = VX - ISET*(R1+R2), 
where ISET is a current level associated with current source 1. Resistor RSNS is 
arranged to provide a sense level (VSNS) that is responsive to the output current 
5 (lOUT) provided to load, as given by: VSNS = VX - IOUT*RSNS. The regulation 
level (VREG) and the sense levels (VSNS) are utilized by the trip-point detection 
circuit inside of the voltage and current control loops. 

Amplifier circuit AMP is arranged to cooperate with the control circuit 
to provide regulation of the output current (lOUT) when the circuit is operated in a 

10 constant current mode. The current flowing through resistor RSNS is regulated such 
that the voltage drop across resistor RSNS is equal to the voltage drop across resistors 
Rl and R2. In other words, VREG = VSNS during the current limit mode of the circuit 
such that: IOUT*RSNS = ISET*(R1+R2). 

The pass circuit has an intemal resistance (e.g., the conductance 

1 5 associated with a MOS-type field-effect transistor) such that the output current (lOUT) 
is limited to a maximum value (IMAX). The output voltage (VOUT) increases as 
current lOUT is delivered to the load. Once the output voltage (VOUT) increases above 
a predetermined threshold, the circuit is operated in a constant voltage mode, where the 
amount of output current that is required will gradually decrease as the desired output 

20 voltage is achieved. 

A trip point voltage (VTRIP) is provided by resistor Rl and current 
source I such that VTRIP = VX ISET*R1. Comparator circuit CMP is arranged to 
compare the sense voltage (VSNS) to a trip voltage (VTRIP), such that the comparator 
circuit initiates a detection signal (TRIP) when VTRIP a^VSNS. 

25 As the load current (output current lOUT) decreases from the maximum 

current limit, the voltage drop (VSNS) across the sense resistor (RSNS) will begin to 
decrease. However, the voltage drop across resistors Rl and R2 remains relatively 
constant since current source I is arranged to provide a relatively constant current 
(ISET). As the output voltage approaches a final voltage level, the output current 

30 (lOUT) is decreased by the control loop such that the voltage across RSNS decreases. 
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When the power regulation circuit operates in current limiting mode, the 
current flowing through RSNS is equal to preset current limit (lOUT = IMAX). The 
voltage drop across resistor RSNS is equal to drop across resistor Rl and R2, or 
IMAX*RSNS = ISET*(R1+R2). In this current limit condition, comparator CMP has a 
5 voltage on one of its inputs (e.g., the inverting input) that is higher than the other input 
(e.g., the non-inverting input) such that the comparator output corresponds to a first 
logic level (e.g., a low logic level). 

After the current limit is reached, the vohage across the load may begin 
to reach a predetermined voltage such as a final charge voltage (e.g., 4.1V for a Li-Ion 

10 battery, 4.2V for a Li-polymer battery) in a battery charger application. In this example, 
the load current begins to decrease from the maximum current level (IMAX) and 
voltage drop across resistor RSNS decreases. When the output current reaches a 
predetermined threshold level (e.g., 5%, 10%, 15%, 20%) of IMAX), the voltage drop 
across resistor RSNS will be equal to the vohage drop across resistor Rl. After crossing 

15 the predetermined threshold level, the voltage on the first input (e.g., non-inverting 
input) of comparator CMP becomes higher than the voltage on the second input (e.g., 
inverting input) of comparator CMP such that the output of comparator CMP changes 
from the first logic level to the second logic level (e.g., a high logical level). The 
change in the logic level of the output of the comparator indicates that the output 

20 current (lOUT) is lower than a predetermined trip-point. 

In some circuits the voltage drop across resistor RSNS is relatively small 
such that it is necessary to have a very low offset comparator to eliminate errors in the 
trip-point. In one example, the offset is cancelled with an auto-zero technique, in 
another example, a high performance low offset comparator is used. Any other 

25 appropriate low offset comparator topology may be used as will be fiirther described by 
the examples illustrated in FIGURES 4 and 5. 

The described trip-point detection circuit can be easily modified for 
obtaining selectable trip point levels. A resistor ladder or series chain of resistors can be 
used in place of resistors Rl and R2 in conjunction with a multiplexer circuit as will be 

30 described fiirther with respect to FIGURE 3. 
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FIGURE 2 is a schematic illustration of another example embodiment of 
a trip-point detection circuit (200) that is arranged according to another aspect of the 
present invention. Trip-point detection circuit 200 includes a pass circuit, a control 
circuit, five resistors (Rl, R2, R3, RSNS, RFBl and RFB2), two amplifier circuits 
5 (AMP, AMP2), a comparator circuit (CMP), a current source (I), and a controlled 
current source. 

Trip-point detection circuit 200 is arranged to operate in a substantially 
similar manner as trip-point detection circuit 100 fi"om FIGURE 1. However, trip-point 
detection circuit 200 includes the addition of resistor R3, a controlled current source 

1 0 (e.g., transistor T2), another amplifier circuit (AMP2), and resistors RFBl and RFB2. 
Also, the control circuit illustrated in FIGURE 2 is responsive to one or more control 
signals (CTL) and a detection signal (TRIP). 

Resistors RFBl and RFB2 are arranged in a voltage divider 
configuration that provides a feedback voltage (e.g., VFB) that is responsive to the 

1 5 output voltage (VOUT). Amplifier AMP2 compares the feedback voltage (VFB) to a 
reference voltage (REF) and provides a control signal (e.g., VC). The controlled 
current source (e.g., a transistor such as T2) provides a controlled current (IC) that is 
responsive to the control signal (VC). 

Resistor R3 is coupled between the output terminal and the controlled 

20 current source. Amplifier AMP has an input terminal that is coupled to the output 

terminal through resistor R3 such that a voltage drop (e.g., VD) is observed between the 
output voltage (VOUT) and the input of amplifier AMP. Voltage drop VD is 
determined by the controlled current (IC) and the value associated with resistor R3. 
Since the controlled current (IC) is determined by the output voltage (VOUT), voltage 

25 drop VD is responsive to changes in the output voltage (VOUT) through the controlled 
current source. 

The controlled current source is illustrated as a transistor circuit (T2). 
However, the controlled current source may be implemented in a plurality of 
configuration including but not limited to: a cascode current source, a bipolar junction 
30 transistor (BJT) circuit, a field-effect transistor (FEY) circuit, and a metal-oxide 
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semiconductor (MOS) circuit, as well as any other appropriate controlled current source 
configuration. 

The controlled current source and resistor R3 are arranged to provide a 
voltage drop (VD) between the output terminal and the input of amplifier AMP, As 
5 described earlier, the voltage drop (VD) is responsive to changes in the output voltage. 
Resistor R3 has a temperature coefficient such that changes in the operating temperature 
of the circuit (200) will result in changes in the voltage drop (VD). The combined 
fiinction of resistor R3 and the controlled current source can be replaced with another 
circuit including but not limited to a constant current source that cooperates with a 

10 variable resistance circuit that is responsive to a control signal such as VC. 

Since resistors Rl and R2 are arranged to operate as a voltage divider, 
any temperature variations in the resistance values associated with resistors Rl and R2 
do not detrimentally affect the voltage trip-point for comparator CMP. However, 
resistor RSNS is not part of a divider circuit and may have temperature variations that 

15 can result in variations in the current trip-point, hi one example, resistor RSNS is 
implemented as a metallic material that has a positive temperature coefficient, while 
resistors Rl - R3 may implemented in a non-metallic material (e.g., poly-silicon) with a 
different temperature coefficient. 

FIGURE 3 is a schematic illustration of an example selection 

20 mechanism (300) for a trip-point detection circuit that is arranged according to yet 
another aspect of the present invention. The selection mechanism is illustrated as a 
tapped resistor circuit (Rl 1, R12, R13 ... RIN), a current source (I), a muUiplexer 
(MUX) circuit, and a comparator circuit (CMP). 

Resistors Rl 1 - RIN are series coupled to one another between the sense 

25 resistor (RNSN) and the current source (I). Current source I is arranged to provide 
current ISET to the series resistors such that a voltage divider is formed with multiple 
tap-points. Selected tap-points are coupled to the MUX circuit. The MUX circuit is 
arranged to selectively couple one of the tap-points to an input of comparator circuit 
CMP in response to a multiplexer control signal (MCTL). The selected tap-point is 
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arranged to adjust the effective trip-point in comparator circuit CMP such that the 
detection signal (TRIP) is asserted for a desired threshold level. 

The selection mechanism illustrated in FIGURE 3 may be used in an 
electronic trip-point detection circuit such as illustrated in FIGURES 1 and 2. For 
5 example, resistors Rl and R2 in FIGURE 1 may be replaced with the tapped resistor 
circuit that is illustrated in FIGURE 3. 

FIGURE 4 is a schematic illustration of an example auto-zero 
comparator circuit (400) for still yet another example trip-detection circuit. Auto-zero 
comparator circuit 400 includes eleven transistors, four resistors, three capacitors, a 

10 current source, and three switching circuits (SI - S3). 

Transistors M5-M7 are arranged to operate as current sources that are 
biased by a biasing signal that is provided by diode-connected transistor MO and current 
source lb. Transistors Ml and M2 are arranged in a differential pair configuration with 
transistor M6 and switching circuit SI. Transistors M3 and M4 are arranged in a 

15 current mirror configuration with switching circuit S2. Transistors MIA and M2A are 
arranged in a differential pair configuration with transistor M7. Transistor M6 is 
arranged as an inverting gain stage that is biased by transistor M5. Resistor Rl is 
coupled between the input signal (VIN) and resistor R2, which is also coupled to the 
output of the comparator. Capacitor Cc is a compensation capacitor that is coupled 

20 between the single ended output of differential pair M1/M2 and the output of the 

inverting gain stage. Resistor Rl and CI are arranged as a low pass filter that is coupled 
between an output of switching circuit S3 and the gate of transistor M2A. Capacitor Ch 
and Rh form a high pass filter that is coupled between an output of the comparator and 
the input of switching circuit S3. The gate of transistor Ml A is coupled to ground. The 

25 gate of transistor Ml and M2 are selectively coupled to the input signal (VIN) via 
switching circuit S 1 . 

Switching circuit SI - S3 are operated to provide a chopper stabilized 
offset cancellation technique for the comparator circuit. Transistors Ml A/M2A provide 
a chopper stabilization effect to the comparator, while transistors Ml and M2 provide 

30 the comparison functions in cooperation with switching circuit SI, which selectively 
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isolates the inputs from the differential input pair. The high pass filter formed by Rh 
and Ch have a time constant that is low enough such that the modulated offset and 
modulated flicker noise are passed relatively un-attenuated. The low pass filter formed 
by Rl and CI are configured to have a comer frequency that is above the 1/f noise comer 
5 of the operational amplifier. 

FIGURE 5 is a schematic illustration of another example auto-zero 
comparator circuit (500) for yet another example trip-detection circuit that is arranged 
in accordance with aspects of the present invention. Auto-zero comparator circuit 500 
includes an inverter circuit (e.g., transistors T51 and T52), three switching circuits (SI - 
1 0 S3), and a capacitor circuit (C). 

Switching circuits SI and S2 are arranged to selectively couple one of 
the input signals (VI, V2) to a first terminal of capacitor circuit C. A second terminal of 
capacitor circuit C is coupled to an input of the inverter circuit. The output of the 
inverter circuit is selectively coupled to the input of the inverter circuit via switching 
15 circuit S3. 

In a first operating phase, switching circuit SI is operated in a closed 
circuit position such that signal VI is stored on a first plate that is associated with 
capacitor circuit C. Also in the first operating phase, the input and output of the inverter 
circuit are coupled together to the second plate associated with capacitor circuit C such 

20 that any offsets associated with the inverter circuit are stored on the second plate. In a 
second operating phase, switching circuits SI and S3 are operated in an open circuit 
position and switching circuit S2 is operated in a closed circuit position. Signal V2 is 
coupled to the first plate of capacitor circuit C during the second operating phase such 
that the inverter circuit will latch in a high or low logic level based on the difference 

25 between signals VI and V2, while compensating for the internal offsets in the inverter 
circuit. 

The above specification, examples and data provide a complete 
description of the manufacture and use of the composition of the invention. Since many 
embodiments of the invention can be made without departing from the spirit and scope 
30 of the invention, the invention resides in the claims hereinafter appended. 
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